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THE IMPACT OF COGNITIVE BIAS IN SKULL SEXING 
NORA WELLS 
ABSTRACT 
The present research examined whether the innominate acted as contextual 
information which resulted in a skewed scoring of skull morphological sex traits and 
pairs overall (both innominate and skull). Survey participants first assessed the sex of an 
innominate, then assessed the sex of a skull, using methods standard in the field. The sex 
of ten skulls and associated innominates, which served as contextual elements to 
introduce bias, were assessed in two surveys by 22 participants total. Male and female 
innominates and skulls were mixed and matched to test bias, though it was implied to 
participants that the paired elements were from the same individual. No significant bias 
was seen on the level of the skull. However, significant shifts in scores were seen on the 
level of the overall pair in three out of the five studied, indicating that the sex of the 
innominate was privileged over that of the skull. This is considered standard procedure in 
the field as the innominate is more reliable for sex estimation; thus, the findings of the 
present study are inconsistent with cognitive bias. However, the present study raises 
questions about the utility of the skull in the estimation of sex in human skeletal remains. 
While the innominate may be more reliable in sex estimation when both elements are 
present, this may lead to inattention to valuable information presented by the skull in 
particular contexts such as commingled burials.  
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INTRODUCTION 
 
 In reconstructing an individual’s biological profile from skeletal remains, four 
components are the most important: sex, ancestry, stature, and age (Nakhaeizadeh et al. 
2014a). Accuracy in this endeavor requires objective scientific methodologies which may 
be undermined by cognitive bias, a phenomenon of increasing concern in the field of 
forensic anthropology and the forensic sciences broadly (Nakhaeizadeh et al. 2014b). 
Cognitive bias is the process through which conclusions are influenced by contextual 
information, including personal desires, extraneous additional information, and even 
reified societal expectations of sex and gender (Bleier 1978; Geller 2008; Keller 1982; 
Martin 1991; Nakhaeizadeh et al. 2014b). The influence of cognitive bias on rates of 
error has been examined across multiple forensic fields and contexts (Ask and Granhag 
2005; Bieber 2012a, 2012b; Byrd 2006; Dibble et al. 2005; Dror and Cole 2010; Dror 
and Hampikian 2011; Dror and Rosenthal 2008; Effros 2000; Evett 2009; Found and 
Ganas 2013; Kassin et al. 2013; Kerstholt et al. 2010; Kunda 1990; Lit et al. 2011; 
Nakhaeizadeh et al. 2014a, 2014b; Page et al. 2012), and the results from these studies 
reflect that the effects of cognitive bias are unexpectedly pervasive. Sex estimation is an 
important component of forensic identification, and the methodologies used to estimate it 
have been refined over several decades. However, a recent concern in biological and 
forensic anthropology is not only whether these techniques are accurate, but also how 
susceptible they are to cognitive bias.  
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There are numerous subtypes of cognitive bias including, but not limited to, 
confirmation bias, observer and expectancy effect/bias, selective attention, role bias, 
conformity effect, need-determined perception, positivity bias, primacy effect, and 
overconfidence (Byrd 2006; Bieber 2012b). Cognitive bias may have multiple 
motivations, such as the desire for accuracy and the wish to confirm preexisting beliefs 
(Kunda 1990). Causes for cognitive bias may include emotional investment, 
preconceived notions, and desire for a specific outcome in forensic science pattern 
matching studies (where one specimen is compared to another, such as in footwear 
identification) (Dror and Cole 2010). In turn, it has been noted that confidence does not 
correlate with accuracy, and officials operating under bias are often unaware of doing so; 
thus, cognitive bias may be a subconscious influence (Bieber 2012a).  Propensity for bias 
from criminal investigators has also been documented due to theory-driven investigations 
which lead to a guilt bias (Ask and Granhag 2008). This type of bias occurs when an 
investigator operates under the assumption that a suspect is guilty and may even ignore 
evidence to the contrary (Ask and Granhag 2008). 
Cognitive bias has been the subject of a growing body of recent research in a 
variety of the forensic sciences due to its potential for affecting many different types of 
analyses including, but not limited to, criminal investigation (Ask and Granhag 2008; 
Evett 2009), odontology (Kassin et al. 2013; Page et al. 2012), arson fire investigation 
(Bieber 2012a, 2012b), fingerprinting and other pattern matching tasks (Dror and Cole 
2010; Dror and Rosenthal 2008; Kassin et al. 2013), DNA mixture analysis (Dror and 
Hampikian 2011; Kassin et al. 2013), handwriting analysis (Found and Ganas 2013), 
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cadaver dog investigation (Lit et al. 2011), archaeology (Dibble et al. 2005; Effros 2000), 
ballistics (Kerstholt et al. 2010), and anthropology (Nakhaeizadeh et al. 2014a, 2014b). 
Early research into cognitive bias includes Weiss (1972), who compared 43 
diverse archaeological skeletal populations form Africa, the Americas, Asia, and Europe 
to determine how accurately individuals were sexed. He found that, on average, the 
examined skeletal populations contained 12% more males than expected according to sex 
ratios in living populations. Weiss (1972) suggested that this bias may be due to two 
causes: that these skeletal populations actually did contain more males than females, or 
that the sexing methodologies in biological anthropology were flawed. He provided 
extensive data on archaeological and modern populations, including the total number of 
specimens in each collection, and the percentage of males in each collection. From these 
data, Weiss (1972) concluded that flaws in sexing methodologies, compounded by bias, 
were the more likely culprits for the observed discrepancy in sex ratios. Methodologies 
were especially failure-prone when assessing ambiguously robust skulls for sex. Weiss 
(1972) posited that subtle societal prejudices, both in the field and in general, produced a 
‘default’ male classification for such ambiguous remains. 
Walker (1995) validated Weiss’ (1972) results and added the potential dimension 
of age at death influencing sexing bias. Walker (1995) studied the Mission La Purisima 
cemetery remains in California and the Saint Bride’s Church documented cemetery 
population in London. The remains at Saint Bride’s Church contained many poorly 
preserved innominates, thus necessitating the use of cranial morphology for sex 
estimation. Walker (1995) found through the use of documented information that the 
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majority of the remains with poorly preserved innominates belonged to elderly females; 
however, they were often misclassified as male. Walker (1995) also noted that female 
skulls become more robust with age, which he hypothesized allowed for prevalent 
misidentification of elderly female remains as male. In turn, young males may be sexed 
as female due to their more gracile appearance. Walker (1995) posited that a sexing bias 
favoring males may occur due to unconscious societal prejudices concerning how males 
and females ‘should’ appear (i.e., males are always more robust and females are always 
more gracile). Walker (2005) reported a similar male bias in skeletal collections; 
however, when assessing bias in the score of the greater sciatic notch, a female bias was 
found, as many innominates scored conventionally as ‘probable female’ were actually 
male. This female bias contrasts with previous findings, though Walker (2005) noted that 
this effect may be due to age and population variation. Regardless of the direction of bias, 
it is apparent that the potential for one exists. 
It has been suggested that male biases may exist in some archaeological 
collections due to differential preservation. When considering this possibility, Walker et 
al. (1988), studying the Mission La Purisima and Ca-Ven-110 cemeteries, found that 
males and females were equally well preserved, while the influence of age was far more 
significant for preservation. Differential preservation of young adults versus the very 
young, and especially the elderly, were hypothesized by Walker et al. (1988) to 
potentially be due to lower bone calcium content. Walker (1995), however, qualified that 
the Saint Bride’s Church remains may indicate a sex-specific preservation bias. However, 
both Bello et al. (2006) and Stojanowski et al. (2002) reported similar findings to Walker 
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et al. (1988), with the latter discovering no correlation between sex and differential 
preservation, and the former finding differential sex preservation only in specimens under 
five years of age at death. Stojanowski et al. (2002) did, however, find a positive 
relationship between the density and size of a bone and its level of preservation. Thus, 
pathological conditions like osteoporosis may promote more rapid bone destruction 
(Stojanowski et al. 2002). 
There are numerous methodologies for sexing human remains, though there are 
several traditionally preferred in the forensic sciences, including visual and metric 
assessment of the innominate and skull (Spradley and Jantz 2011). Whether these 
elements are the most appropriate for sex estimation, especially in the case of the skull, is 
often contested. Despite controversy, in forensic anthropology, sexing based on the 
features of the skull is still widely held to be reliable by experts, though the innominate is 
considered superior by most in the field (Kimmerle et al. 2008; Meindl et al. 1985; 
Rogers 2005; Spradley and Jantz 2011; Walrath et al. 2004; Williams and Rogers 2006). 
Williams and Rogers (2006), for example, found that skull morphology evaluation was a 
reliable technique for sex estimation, although they noted that it tended to be more 
accurate for males, with especially the ramus height, zygomatic extension, and markings 
on the occipital producing erroneous male classifications. 
Kimmerle et al. (2008) claimed that metric sex determination was actually not as 
reliable as shape-based evaluation due to geographic variation. Robusticity-based sexing 
methods are widely used, the most popular for the skull found in Buikstra and Ubelaker 
(1994). According to Rogers (2005), skull traits are suitable for sexing, though Buikstra 
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and Ubelaker (1994) may not have outlined enough traits for accurate assessment. 
Walrath et al. (2004), however, disagreed, positing that quality of traits, not quantity, is 
most important for accuracy. Meindl et al. (1985) asserted that subjective estimation of 
sex based on the skull and innominate in combination is most accurate. Spradley and 
Jantz (2011) found this to be the consensus in the field, with standard procedure in 
introductory textbooks often cited as a visual assessment of the innominates, followed or 
accompanied by the skull if possible. 
Studies on cognitive bias, however, suggest that this standard practice may offer 
opportunity for contextual bias of the skull if it is examined after the innominate. It is 
necessary that the work of Weiss (1972) and Walker (1995) be re-examined, expanded 
upon, and the possibility of weak sexing methodologies investigated in order to prevent 
incorrect forensic identifications and archaeological population profiles. While in the 
future DNA analysis may supplant the anthropological biological profile, at present, 
anthropological techniques remain more efficient for many practitioners in terms of time 
and cost, thus justifying research investment in further refining current methods 
(Dirkmaat and Cabo 2012). 
The present study tests the hypothesis that, when an osteologist first assesses the 
sex of an innominate followed by a skull according to the methods outlined by Buikstra 
and Ubelaker (1994), the innominate will act as contextual information which will result 
in a skewed scoring of skull morphological sex traits or the individual overall. 
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METHODS 
 
Subsection One: Experimental Design 
In order to evaluate the potential for bias in osteological sexing techniques, two 
versions of a survey were created, each containing ten pairs of varyingly robust skulls 
and innominates. The skulls and innominates were scored on the traits outlined by 
Buikstra and Ubelaker (1994), which synthesizes works by Acsádi and Nemeskéri 
(1970), Buikstra and Mielke (1985), Jastrzebski (1994), Milner (1992), Phenice (1969), 
and Walker (1994a, 1994b). In each survey, five skulls and five innominates for each sex 
were presented and shuffled in varying manners, including both same-sex and mixed-sex 
pairs depending upon the survey version. An innominate was presented before each skull 
to serve as context and a potential source of bias. All skulls and innominates for this 
study were provided by the Boston University Medical Campus donated skeletal 
collection which contains four skeletons temporarily donated by the University of 
Tennessee, Knoxville, as well as other permanently curated sets of remains. 
In order to make the skulls and innominates widely accessible to a large sample 
population, three-dimensional digital models were created using the free applications 
Autodesk 123D Catch (http://www.123dapp.com/catch) and Autodesk ReCap 360 
(https://recap.autodesk.com/). 123D Catch was the primary application used, though at 
times technical difficulties with the server (including prolonged rendering times) required 
that ReCap 360, a nearly identical program, be utilized. In order to create three-
dimensional, manipulable, digital models, fifty to seventy pictures were taken of each 
element from different angles in order to capture all surface details. Dental wax was used 
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to secure the mandible to the cranium, after which each skull was elevated above a table 
with a post through the foramen magnum (Figure 1). This allowed for images of the 
inferior aspect of the skull to be taken. In turn, innominates were positioned so that the 
iliac crest was embedded in polymer clay, which was then secured to a table, thus 
inverting the innominates so that all pertinent aspects could be photographed (Figure 2). 
Identifying information, such as specimen numbers, was covered on both skulls and 
innominates using adhesive paper. Images were taken with a Fujifilm FinePix JV100 at 
12 megapixels, then uploaded to a laptop and saved as JPEGs. These picture files were 
subsequently uploaded to the 123D Catch PC application or online ReCap 360 program, 
which stitched together the images to create the three-dimensional models. Models were 
either edited in 123D Catch or Meshmixer (http://www.123dapp.com/meshmixer), a free 
editing application offered via Autodesk. The models were saved as OBJ files in 
compressed folders, which were then uploaded to Sketchfab (https://sketchfab.com/), a 
free online platform for hosting digital three-dimensional models. Each model was 
password protected and assigned a unique letter of the alphabet. 
Using Google Forms (https://www.google.com/forms/about/), a free application, 
two versions of the survey were created. In version A, five presented pairs were 
composed of all male elements, and five pairs were entirely female elements. None of the 
paired elements came from the same individual. In version B of the survey, five male 
skulls and innominates and five female skulls and innominates were paired. Six pairs 
were mixed male and female elements, and four were purely male or female elements 
(Table 1). Pairs were made between elements that could credibly have come from the 
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same individual so as not to arouse participant suspicion (i.e., a very robust skull was not 
paired with a very gracile innominate and vice versa). The order in which pairs were 
presented was determined randomly by assigning each established pair a number, then 
shuffling the numbers and arranging the pairs within the surveys in the order in which 
each pair’s number was drawn. Within each version of the survey, every pair was 
presented as its own page, with each page accompanied by the pertinent sexing figures 
from Buikstra and Ubelaker (1994). In order to access the models, participants had to 
click on an embedded hyperlink in the survey that led to specific models on Sketchfab, 
then enter a password in order to access it. Participants were able to manipulate the 
models freely in three dimensions in order to score the relevant features. Participants 
were also given the option of selecting ‘unable to score’ if they felt a feature was not 
sufficiently visible. 
Participants in the experiment were required to have prior experience in sexing 
skeletal innominates and skulls using morphological techniques. Thus, participants were 
recruited from the American Academy of Forensic Sciences (AAFS) Anthropology 
Section email listserv and the American Anthropological Association’s (AAA) 
eAnthroGuide Institutional Search. Each resulting email list was split in half 
alphabetically using the email addresses. One half was then sent version A of the survey 
and the other half was sent version B of the survey. Thus, no one person took both 
versions. Participants were told that they would be presented with ten pairs of skulls and 
innominates to be sexed and that the entire survey could take up to one hour. The 
innominate was presented first in each pairing. Participants were informed that the 
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purpose of the study was to document the accuracy of sexing techniques on three-
dimensional models, a pretext to ensure that trends in the true focus of the study, 
cognitive bias, would not be compromised. Participants were asked to record their 
estimations (for the skull, the innominate, and the pair overall), their own age, sex, years 
of experience, and highest level of education. Demographic information was collected in 
order to study its potential effects on bias; however, the sample size was too small to 
establish any significant trends in terms of demographics. Table 2 contains the participant 
questionnaire. Participants with varying educational backgrounds (graduate and Ph.D.) 
and levels of experience took the surveys (Tables 3-5). In both versions A and B, a 
majority of participants were female. In terms of experience, the majority of participants 
in versions A and B reported practicing sex estimation for five years or more and all 
participants in both versions had completed at least some years of a master’s program or 
higher. 
Five skull traits, including the nuchal crest, mastoid process, supraorbital margin, 
glabella, and mental eminence were scored on a five-point scale following Buikstra and 
Ubelaker (1994). The left and right mastoid processes and supraorbital margins were 
scored separately, thus resulting in seven traits total to be examined for each skull. The 
ventral arc, subpubic concavity, and ischiopubic ramus ridge of the innominate were 
scored on a scale of 1 to 3, 1 being female, 3 being male, and 2 being ambiguous. The 
morphology of the greater sciatic notch was also scored on a scale of 1 to 5, and the 
appearance of the preauricular sulcus was scored on a scale of 0 to 4 (absence of the 
preauricular sulcus, a score of 0, indicates male, while the presence of the preauricular 
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sulcus, scores 1 to 4, indicates female). Participants also scored the pair overall separate 
from their component scores on a scale of 1 to 5 to assign a sex estimation, with 1 being 
most female, 5 being most male, and 3 being ambiguous. 
 
Figure 1. Apparatus for photographing the skulls to create three-dimensional 
models. Dental wax was used to secure the mandible to the cranium. 
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Figure 2. Apparatus for photographing the innominates to create three-dimensional 
models. Modeling clay was used to secure the inverted innominate to the table 
surface. 
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Table 2. Participant questionnaire.  
What is your age?  
_____  
 
What is your sex? 
 
 
 
  
 
a) Male 
b) Female 
c) Other 
 
How many years of experience do you 
have in assessing sex? 
 
a) Less than one year 
b) Between one and four years 
c) Five years or more 
d) If you answered c), please record 
how many years of experience 
you have:_______ 
 
What is your highest level of education?  
a) Some years of college 
b) A B.A. or B.S. 
c) Some years of master’s program 
d) An M.A. or M.S. 
e) Some years of Ph.D. program 
f) A Ph.D. 
 
 
 
Table 3. Sex of participants. 
 
 
 
 
 
Table 4. Years of participant experience.  
 Version A Version B 
Between one and four years 6 1 
Five years or more 8 7 
 
 
 
 
 Version A Version B 
Female 8 6 
Male 6 2 
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Table 5. Highest level of participant education. 
 Version A Version B 
Some years of a master's program 2 0 
An M.A. or M.S.  1 1 
Some years of a Ph.D. program 2 2 
A Ph.D. 9 5 
 
 
Subsection Two: Ethics 
  As this study included live human subjects and deception, it required Institutional 
Review Board (IRB) approval from the Boston University Medical Center Office of the 
Institutional Review Board. Approval for an expedited review was granted on February 5, 
2016 to IRB number H-34335 and ethical procedures were followed. This included 
disclosing the length of time the surveys would take to participants before they began. 
 
Subsection Three: Statistical Methods 
 A Wilcoxon matched pairs signed rank test was used to determine if there was a 
significant shift in scoring for select skulls and overall pairs containing these skulls from 
version A (containing same-sex pairs) to version B (containing mixed-sex pairs). 
Experimental participants with the correct prior experience were drawn from the AAFS 
Anthropology Section email listserv and AAA eAnthroGuide Institutional Search. Each 
resulting email list was split in half alphabetically using the email addresses. One half 
was then sent version A of the survey and the other half was sent version B of the survey. 
Thus, no one person took both versions. As skulls and innominates were digitally three-
dimensionally reproduced and hosted on an online platform, some technical difficulties 
 16 
(including issues with loading and manipulating models) were reported by three 
participants, preventing them from completing their surveys. Their incomplete responses 
were consequently omitted. Fourteen participants responded to and completed version A 
of the survey, while eight participants responded to and completed version B of the 
survey, thus creating a total of 22 participants across both surveys. The data were 
analyzed using the IBM Statistical Package for the Social Sciences 20.0 software with 
alpha set at 0.05 (IBM SPSS Statistics 2011). 
  
 17 
RESULTS 
 
 
 In the interest of gaining insight into the potential inconsistencies across 
participants in scoring individual features for each innominate and skull, descriptive 
statistics including averages and ranges in scoring were recorded for each survey version 
for all features scored (Tables 6 and 7). In examining the survey responses, it is apparent 
that the supraorbital margins were the most difficult portions of the remains for 
participants to score and more than any other feature were designated ‘unable to score.’ 
This is likely due to the directions in Buikstra and Ubelaker (1994) which instruct 
assessors to palpate the ridges when making a sex estimate. The second most often 
designated ‘unable to score’ feature was the preauricular sulcus. This may have been due 
to the quality of the model, causing participants to question whether the sulcus was truly 
absent or potentially unclear in the model’s topography. 
The range in scores is of interest as well. It should be noted that often times 
multiple traits in either the innominate or the skull would have the same range, thus 
producing a tie for which trait had the smallest or greatest range. In version A, the 
innominate trait which exhibited the greatest range in the majority of pairs was the 
preauricular sulcus. Conversely, the innominate trait with the smallest range in version A 
in the majority of the pairs was the ischiopubic ramus ridge. When examining the range 
of scores in the skulls of version A, the right supraorbital margin displayed the greatest 
range in half of the pairs presented. The trait in version A skulls with the smallest range 
 18 
the majority of the time was the glabella. The nuchal crest of skulls in version A also had 
the smallest range in half of the pairs presented. 
In version B, the preauricular sulcus of the innominate displayed the greatest 
scoring range in the majority of the pairs. In turn, the greater sciatic notch of the 
innominate possessed the greatest range in scores in half of the pairs presented in version 
B. The innominate trait with the smallest range in half the pairs of version B was the 
ventral arc. For half the pairs in version B, the right supraorbital margin of the skull had 
the greatest range in scores. In the other half of the version B pairs, the right supraorbital 
margin of the skull actually had the smallest range. For the majority of the pairs in 
version B, the right mastoid process, the mental eminence, and the glabella of the skull 
had the smallest ranges. The left mastoid of the skull in version B also had the smallest 
range in half of the pairs presented. The ranges for particular traits in specific elements 
were observed to be as large as four, indicating minimum interobserver agreement. 
Alternately, some traits for specific elements displayed no interobserver error at all. 
Depending upon the survey version a participant received, either ten pairs of 
same-sex skulls and innominates were presented (five male sets and five female sets in 
version A), or ten pairs of same-sex and opposite-sex skulls and innominates were shown 
(two same-sex male pairs, two same-sex female pairs, and six opposite-sex pairs, three of 
which had male innominates, with the remaining three possessing female innominates in 
version B). Regardless of version, each participant was tasked with scoring first the 
innominate, then the skull, using methodologies previously described. Participants also  
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scored the pair overall separate from their component scores on a scale of 1 to 5 to assign 
a sex estimation. Scores for each version of the survey were automatically transferred to 
discrete spreadsheets. Out of all the pairs presented in both versions, five skulls had been 
paired with both same-sex and opposite-sex innominates. Thus, these five skulls were 
focused upon to measure the shift in scores. 
Wilcoxon matched pairs signed rank tests were used to measure the significance 
of the shift in averages between versions A and B of the survey in the five skulls that had 
been used in both versions and paired with a same-sex and opposite-sex innominate 
across surveys A and B, respectively: skulls P, Q, S, T, and W (Figures 3-7). Of these 
five, skulls Q and T were documented males, while skulls P, S, and W were documented 
females. In order to run the Wilcoxon matched pairs signed rank tests, each participant’s 
responses for each pertinent skull had to be combined from seven individual scores 
(nuchal crest, left mastoid process, right mastoid process, left supraorbital margin, right 
supraorbital margin, supraorbital ridge/glabella, and mental eminence) to a single 
composite score representing the skull as a whole. This was done by creating an adjusted 
sum with the following assumptions: each skull was assumed capable of scoring a total of 
35, though there were fields designated as ‘unable to score’ for which had to be 
accounted. This was done by using the proportion (total possible for particular skull 
taking into account ‘unable to score’ fields) * (sum of scores)/35. This created an 
adjusted sum which compensated for ‘unable to score’ or blank responses for certain 
features. These adjusted sums for each participant were done for each of the five skulls 
mentioned above in both versions A and B. Five separate Wilcoxon matched pairs signed 
 30 
rank tests were then run, each comparing the averages of the responses for each skull in 
version A to version B. No significant shift was seen in any of the skull averages from 
version A to version B (p>0.05 level), regardless if the skull was paired with an 
innominate of the same sex or an innominate of the opposite sex: skull Q (Mean 
A=26.43, Mean B=23.13, Z=-1.706, p<0.05, p=0.088), skull T (Mean A=27.43, Mean 
B=19.75, Z=-1.781, p<0.05, p=0.075), skull P (Mean A=18.07, Mean B=17.88, Z=          
-0.070, p<0.05, p=0.944), skull S (Mean A=12.29, Mean B=12.75, Z=-1.364, p<0.05, 
p=0.172), and skull W (Mean A=16.15, Mean B=14.13, Z=-0.840, p<0.05, p= 0.401). 
 
Figure 3. Anterior view of three-dimensional model of designated skull P, a 
documented female. 
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Figure 4. Anterior view of three-dimensional model of designated skull Q, a 
documented male. 
 
 
Figure 5. Anterior view of three-dimensional model of designated skull S, a 
documented female. 
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Figure 6. Anterior view of three-dimensional model of designated skull T, a 
documented male. 
 
 
Figure 7. Anterior view of three-dimensional model of designated skull W, a 
documented female. 
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A Wilcoxon matched pairs signed rank test was also used to determine whether a 
significant shift in scores for overall pairs (including both innominates and skulls of 
interest) had occurred due to the respective innominates from versions A to B. Responses 
for each participant for each pair of interest were compared in versions A to B. In both 
cases where a male skull-based pair was used, the shift in overall pair scores was 
statistically significant. Skull Q, paired with innominate G in version A and innominate F 
in version B, presented with a significantly different overall pair score (Mean A=4.57, 
Mean B=2.00, Z=-2.539, p<0.05, p=0.011, r=-0.54), while skull T, paired with 
innominate A in version A and innominate C in version B, also displayed a significant 
shift in overall pair scoring (Mean A=4.54, Mean B=1.38, Z=-2.558, p<0.05, p=0.011, 
r=-0.56). Of the three female skulls, only skull P, paired with innominate B in version A 
and pelvis G in version B, showed a significant shift in overall pair scores (Mean A=2.00, 
Mean B=3.50, Z=-2.154, p<0.05, p=0.031, r=-0.46). The other two female skull-based 
pairs, skull S, paired with innominate J in version A and innominate L in version B, and 
skull W, paired with innominate F in version A and innominate D in version B, showed 
no significant change in overall pair scores (skull S, Mean A=1.57, Mean B=2.50, Z=      
-1.355, p<0.05, p=0.176; skull W, Mean A=2.00, Mean B=3.63, Z=-1.838, p<0.05, 
p=0.066). 
Despite a lack of statistical significance, some shifts in scoring for the same skull 
were nevertheless apparent depending upon the survey version. It should be borne in 
mind that these shifts may disappear if a larger sample is used. When comparing the 
averages for each skull of interest in each condition (Table 8), it is observed that the male 
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skulls are more ‘feminized’ overall than the female skulls are ‘masculinized’ (i.e., the 
shift in average score is greater in the two male skulls than the three female skulls). A 
single exception is seen with one female skull (W). In this particular case, when 
comparing averages, skull W was actually scored slightly more feminine when paired 
with a male innominate than with a female innominate. However, according to the scores 
given for the pertinent elements, participants clearly recognized the female innominate to 
be female, and the male innominate to be male. When comparing medians, presented in 
Table 9, rather than averages, no change is seen in any of the three female skulls from 
survey version A to B. A slight, non-significant feminization of male skulls is again 
observed. 
As with just the skulls, averages (Table 10) and medians (Table 11) for each 
overall pair of interest were calculated. Again, the shifts in pairs containing male skulls 
were greater in both cases than in those pairs containing female skulls, even in the case of 
the significantly shifted pair containing the female skull. Though not significant in two 
out of the three pairs containing female skulls, in both cases, overall pair scores were 
slightly masculinized when comparing averages and medians, though the small sample 
size precludes gross generalization. 
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Table 8. Average scores of skulls of interest in version A and version B. 
Skull Identifier 
and Sex 
Average in 
Version A 
Average in 
Version B 
Shift in Skull 
Average 
Q (Male) 3.6 3.2 -0.4 
T (Male) 3.9 2.8 -1.1 
P (Female) 2.6 2.7 +0.1 
S (Female) 1.7 1.9 +0.2 
W (Female) 2.3 2 -0.3 
 
Table 9. Median scores of skulls of interest in version A and version B. 
Skull Identifier 
and Sex 
Median in 
Version A 
Median in 
Version B 
Shift in Skull 
Median 
Q (Male) 4 3 -1 
T (Male) 4 3 -1 
P (Female) 2 2 0 
S (Female) 2 2 0 
W (Female) 2 2 0 
 
Table 10. Average scores of pairs overall of interest in version A and version B.  
Skull/Innominate 
Pairs 
Pair 
Average 
Skull/Innominate 
Pairs 
Pair 
Average 
Shift in Pair 
Average 
Version A  Version B   
Q/G 4.6 Q/F 2 -2.6 
T/A 4.5 T/C 1.4 -3.1 
P/B 2 P/G 3.5 +1.5 
S/J 1.6 S/L 2.5 +0.9 
W/F 2 W/D 3.6 +1.6 
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Table 11. Median scores of pairs overall of interest in version A and version B. 
Skull/Innominate 
Pairs 
Pair 
Median 
Skull/Innominate 
Pairs 
Pair 
Median 
Shift in Pair 
Median 
Version A  Version B   
Q/G 5 Q/F 2 -3 
T/A 5 T/C 1 -4 
P/B 2 P/G 4 +2 
S/J 1 S/L 2 +1 
W/F 2 W/D 4 +2 
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DISCUSSION 
 
Subsection One: Cognitive Bias Generally in the Forensic Sciences 
Cognitive bias has been of increasing interest among forensic sciences due to its 
pervasive and damaging effects in varying types of analyses (Ask and Granhag 2005; 
Bieber 2012a, 2012b; Byrd 2006; Dibble et al. 2005; Dror and Cole 2010; Dror and 
Hampikian 2011; Dror and Rosenthal 2008; Effros 2000; Evett 2009; Found and Ganas 
2013; Kassin et al. 2013; Kerstholt et al. 2010; Kunda 1990; Lit et al. 2011; 
Nakhaeizadeh et al. 2014a, 2014b; Page et al. 2012). For example, Page et al. (2012) 
questioned the possibility of contextual bias in forensic odontology, and hypothesized 
that potentially emotionally charged settings for bite mark cases could provide motivation 
for such cognitive bias. In turn, Bieber (2012a, 2012b) indicated that arson fire 
investigations were susceptible to bias, especially when cases were ambiguous. 
Kassin et al. (2013) explored the role of confirmation bias in fingerprinting and 
the pressures that forensic scientists face in the field that may induce bias, such as having 
a suspect in custody who a forensic practitioner wishes to prove guilty even before 
assessing evidence (guilt bias). Dror and Rosenthal (2008) also found that, regardless of 
expertise, context may influence reliability in fingerprinting procedures and forensic 
science in general. Similarly, Dror and Hampikian (2011) found in DNA mixture analysis 
that, depending upon how much contextual information was given to investigators and 
the level of ambiguity in the likelihood of a suspect’s guilt, responses varied widely. 
Handwriting examination in the forensic sciences was additionally found to be vulnerable 
to contextual bias by Found and Ganas (2013). Even cadaver dog handler beliefs have 
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been proven to influence significantly scent detection to the point where dogs will issue 
an alert when a target is absent if their handlers believe otherwise (Lit et al. 2011). 
Nakhaeizadeh et al. (2014a) examined cognitive bias in sexing, aging, and ancestry 
estimation in bone based upon contextual information and found that bias varied 
considerably based upon the information presented. Nakhaeizadeh et al. (2014b) also 
studied the propensity for contextual information to skew judgment, particularly in the 
case of forensic scientists assessing trauma on human remains via two-dimensional 
images. Once again, context was found to steer people’s assumptions. 
Of note is that many studies found ambiguous or unclear information (such as 
both masculine and feminine morphological features on a single skull, or every feature 
scoring a three) in situations where two or more possible answers existed was especially 
prone to biased interpretations. This is due to the increased leeway for an investigator to 
insert subjective and personal reasoning in such situations (Bieber 2012a, 2012b; Dror 
and Cole 2010; Dror and Hampikian 2011; Kassin et al. 2013; Kunda 1990; 
Nakhaeizadeh et al. 2014a, 2014b; Page et al. 2012; Walker 2005; Weiss 1972). A 
singular exception to confirmation bias in the field is presented in Kerstholt et al. (2010), 
in which it was found that bullet comparison analysis was not subject to extraneous 
information manipulation. It was suggested that this was due to the highly standardized 
regulations in bullet comparison, thus illustrating the positive effects of minimized 
ambiguity in forensic investigation. 
Previous to the present study, few have directly examined levels of cognitive bias 
in morphological sexing methodologies and the possibility of inherent cognitive bias in 
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the structure of standard procedures for sexing innominates and skulls together. Previous 
work includes Weiss (1972), Walker (1995), Nakhaeizadeh et al. (2014a), and Klales and 
Lesciotto (2016). The latter study examined cognitive bias using Phenice’s (1969) 
innominate scoring system. Different portions of multiple innominates were scored by 
experienced observers in isolation. However, when the full element was revealed, 
participants tended to judge the ‘gestalt’ of the element and accordingly change their 
scores for individual traits. The present study has sought to expand the scale of these 
previous works while solely focusing on cognitive bias in sex estimation. 
 
Subsection Two: Potential Reasons for Cognitive Bias in Sexing 
 While studies on cognitive bias in sex estimation itself may be few, there have 
been multiple inquiries into the sources of inaccuracies in sex estimation. A confounding 
factor to proper sex estimation may be a skeleton’s ancestry. Spradley et al. (2008) 
discussed the tendency for Hispanic males to be misclassified as female, while females 
were often accurately sexed. This is attributed to Hispanic males on average being 
generally smaller and more gracile, and when standards developed on American White 
crania are used, both metric and visual, a female classification can erroneously result. 
Thus, a female bias may be present depending upon ancestry. While the present study did 
not focus on the influences of ancestry, this may be an important avenue for future 
research. 
Robertson (2007) provided an example of populations with unequal sex ratios 
using the Australian Murray Black collection, which contains more males than females, 
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and attempted to understand the source of this bias and provided multiple potential 
causes. Burns (2003) addressed issues with robusticity-based sexing techniques in a 
particular case involving an ambiguously robust female who could not be sexed based 
upon bone alone and was left unidentified for three years. An example of social context-
specific bias, Effros (2000) explored the tendency of archaeologists studying 
Merovingian materials to sex skeletal remains based on grave goods and expected gender 
roles. Dibble et al. (2005) documented that archaeological bias is introduced as soon as 
excavation begins and that research goals selectively affect all aspects of a project and its 
findings. This was reiterated by Hawkins et al. (2003), who indicate that motivation and 
investment in research, not necessarily experience, may contribute most to archaeological 
bias. 
As previously discussed, the suggestion that male biases may exist in some 
collections due to differential preservation has been largely refuted by Walker et al. 
(1988), Bello et al. (2006), and Stojanowski et al. (2002). Thus, the explanations of 
potential cognitive bias offered by Weiss (1972), Walker (1995), and Nakhaeizadeh et al. 
(2014a) remain to be explored. 
 
Subsection Three: Observations and Implications of the Present Study 
On the level of the five skulls examined alone, no significant cognitive bias was 
found. While some in the field have noted that practitioners are reluctant to score 
elements or traits as ambiguous, it should be recognized that in the present study, the 
averages rounded to the nearest integer for skulls Q, T, and P when paired with an 
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opposite-sex innominate, were 3, an ambiguous classification (Burns 2003; Robertson 
2007). A similar rounded average of 3 was seen in skull P when paired with a same-sex 
innominate. Values were rounded so as to be comparable to the integer scale standard in 
Buikstra and Ubelaker (1994). When using medians, both male skulls when paired with 
an opposite-sex innominate were also scored as 3. Thus, in the context of the present 
study, it can be seen that individuals with a high level of experience were not discouraged 
from giving an ambiguous classification. 
When studying the shift in scores of pairs overall (taking into account the 
innominate and skull), it is seen that three out of the five pairs containing the skulls of 
interest were subject to a statistically significant change in score. This was seen in both 
pairs containing male skulls and in one of the three pairs containing female skulls. Thus, 
at least in this limited sample, it would appear that male skulls are more feminized overall 
than female skulls are masculinized. When examining the averages for each pair, only the 
pair containing skull S and opposite-sex innominate L was scored as ambiguous overall 
when the average value is rounded to the nearest integer. When examining medians, none 
of the overall pairs were scored as ambiguous. This may indicate a reluctance to select an 
ambiguous score when dealing with a perceived individual sex estimation. Perhaps this is 
because sex estimations at the individual level rather than the element level are more 
valuable for identification purposes, wherein a forensic anthropologist may feel pressure 
to give a more definitive sex estimate. 
The findings of this current study suggest that forensic anthropologists are skilled 
at objectively evaluating morphological skull sex traits, regardless of the innominates that 
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they are associated with. In only a single case was a skull (skull V in version B) 
incorrectly sexed on average by participants. When considering skull scores provided by 
individual participants rather than averages, it is apparent that some individuals 
incorrectly scored specific skull traits, though this was rare enough that overall skull 
averages were only incorrect once. This indicates that the sexing methodologies 
themselves are not at fault. However, when asked to give a sex estimation for an 
individual overall based on both the innominate and the skull, when the innominate is 
viewed first, significant shifts in scoring are seen the majority of the time, especially in 
cases containing male skulls and female innominates. Again, generalization must be 
tempered by the small sample size. 
It is clear that the perceived sex of the innominate is given more weight than the 
perceived sex of the skull. This is not unexpected and is considered standard procedure 
within the field (Kimmerle et al. 2008; Meindl et al. 1985; Rogers 2005; Spradley and 
Jantz 2011; Walrath et al. 2004; Williams and Rogers 2006). The fact that the majority of 
participants possessed a Ph.D. and over five years of experience in the field may have in 
fact amplified the shift in scores observed. By examining the innominate first, then the 
skull, all the while giving the innominate more credence, it is possible that valuable 
information from the skull is disregarded or overlooked. If the skull presents with 
information contrary to that of the innominate, it is often simply ignored. As this is the 
case, why study the skull at all if an innominate is available? In the context of 
commingled burials, for example, if the innominate is privileged despite contradictory 
evidence from a paired skull, this may prevent practitioners from correctly identifying 
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mismatched remains. In such cases, it may be necessary to reconsider the role of the skull 
in standard sex estimation procedure and continue to ensure that current practices are 
sound. This is also vital as in many forensic settings, one may only have a skull with 
which to estimate the sex of remains. 
The current study presents with several limitations. First is the small sample size 
of both bones to be sexed and participants to complete the surveys. Presenting only ten 
pairs of elements in each survey was in part necessitated by the available specimens and 
time constraints on participants. The length of the survey already likely limited the 
number of participants who undertook the questionnaire. The second greatest possible 
limitation to this study was the use of the three-dimensional digital models. While this 
was necessary to enable access to a larger pool of participants, it may have introduced 
error in terms of model quality. It should be noted that any feedback about the quality of 
models was received by the primary investigator by email as there was no field for such 
comments in the surveys themselves. As previously mentioned, three participants 
reported technical difficulties by email which prevented them from completing their 
surveys. It is possible that others encountered such difficulties, which may have 
interfered with the accuracy of their sex estimations. However, it would appear that 
partially completed survey responses were submitted automatically as well. If this is the 
case, it would seem no further technical difficulties were encountered as no other 
partially completed surveys were submitted. 
While the use of the three-dimensional models may have presented some 
difficulties, it is another relatively novel feature of this study. There has been increased 
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interest in the field concerning whether or not digital models may be a future avenue for 
sharing skeletal specimens within the forensic and anthropological community 
(Kuzminsky and Gardiner 2012; Sforza et al. 2013). The present study proves that this 
may be an economic possibility when the correct resources and platforms are used. 
However, it should be noted that the process for creating digital models in this particular 
study was time consuming. A single element could take over twelve hours of continuous 
work to create, though this particular issue is likely in large part due to the particular 
software used. 
In terms of research on the accuracy of three-dimensional models in the forensic 
sciences, Sforza et al. (2013) reports that three-dimensional technology has the potential 
to advance collaboration greatly in the field and that, depending upon the methodology 
used to create bone models, varying degrees of accuracy may be found. In some cases, 
measurements taken digitally on scanned models have proved more accurate than 
measurements on actual bone. They report that three-dimensional models created by the 
stitching together of two-dimensional images, as done in the present study, are quite 
accurate when reproducing the dimensions of actual bone. Abdel Fatah et al. (2014) 
similarly found that three-dimensional models of bone may be a highly accurate way to 
reproduce and share specimens. In this study, three-dimensional models of crania were 
used to estimate sex volumetrically. Kuzminsky and Gardiner (2012) also hailed three-
dimensional models as suitable reproductions of actual bone and recommended that this 
technology be explored as a potential means of conservation. Promising alternate 
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methods for establishing accurate sex estimation techniques using three-dimensional 
technology was also addressed in Garvin and Ruff (2012). 
The present study also invites several routes for future research. First, the utility 
of the skull in current standard procedure for sex estimation needs to be reexamined in 
the context of cognitive bias (specifically, if an innominate is present, should the skull be 
considered at all?). It may also be helpful to reproduce this study using metric rather than 
morphological analyses to see if the same trends are observed. Other variables, such as 
ancestry and age of the skeleton, may be focused upon to pinpoint potential sources of 
bias. In addition, validation studies with larger sample sizes and the use of actual bone 
would be illuminating. A larger sample size would also allow for the study of how the 
participant’s demography may influence the degree and direction of bias. The present 
study was unable to pursue these avenues of further research due to resource limitations. 
Thus, the present study indicates that on the level of the skull, practitioners are consistent 
in their scores, regardless of the innominates they are paired with. In addition, this study 
indicates that morphological sexing methodologies are accurate enough to identify 
correctly isolated elements as their documented sex. Furthermore, the three-dimensional 
models utilized satisfactorily reproduced actual bone so that a correct sex estimation 
could be made on the level of individual elements. However, when considering the 
potential for cognitive bias in the estimate of sex for an individual overall when both the 
innominate and skull are taken into account, it is apparent that in three out of the five 
pairs examined that scores shifted significantly. The shift in scoring observed indicates 
that practitioners give more weight to the sex of the innominate rather than the sex of the 
 46 
skull, and that the sex of the pair overall erred on the side of the innominate’s perceived 
sex. This does not constitute cognitive bias as it is consistent with standard procedure in 
the field which has determined the innominate is more reliable than the skull in sex 
estimation. 
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